
ESTUARINE CIRCULATION:
WHY SHOULD YOU CARE?

It’s all a moving target
1Wednesday, May 11, 2011



Water Inputs aestus = Latin for tide

Hour time scale Week time scale
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http://www.dnr.nsw.gov.au/estuaries/factsheets/physical/tidal-behaviour.shtml

Travelling upstream, tides are delayed and deformed
f(shape, depth, tidal range:depth)
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And complicated
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http://www.dnr.nsw.gov.au/estuaries/factsheets/physical/tidal-behaviour-nsw.shtml

Tidal filling of estuaries,
and even higher

Tidal Prism =
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--> another way to classify estuaries
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Tidal excursion
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River input varies on different time scales
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Groundwater inputs - the subterranean estuary

http://www.whoi.edu/oceanus/viewImage.do?id=15285&aid=7700
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Mixing river and ocean:
The Basics

A circulation-based
classification scheme

What’s wrong with these pix?
Statics vs dynamics

mixing chambers
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What properties or processes would affect vertical mixing?
Delta-density (i.e. stratification) vs stirring

some considerations:
1. Morphological (shape, roughness)
2. River flow
3. Tide (magnitude, direction)
4. Wind
5. Water temperatures
6. Water compositions
7. Rainfall, evaporation
8. Time

combinations thereof...
http://www.easycalculation.com/physics/classical-physics/water-density.php

or
http://www.earthwardconsulting.com/density_calculator.htm
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Classifications based on
effect of river flow on stratification

(Hansen-Rattray diagram)

   Bowden (1980) scheme     VFW:Vtotal

          Salt-wedge                    1
        Partially mixed                0.1
          Well-mixed                   0.01

why? not always true
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EFFECT OF  VERTICAL MIXING ON 
FLOW ALONG ESTUARY

http://webcache.googleusercontent.com/search?q=cache:1WEj_7OwGPsJ:marine.rutgers.edu/dmcs/ms320/2008-11-19-Estuarine-Circulation-web.ppt+coriolis
+estuary&cd=1&hl=en&ct=clnk&gl=us&source=www.google.com
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We can get V1 from salt balance

V2?
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ESTIMATING SEAWARD SURFACE FLOW FROM SALINITIES
(BOX MODELS)
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Geyer et al., 2000, JPO 30:2038

Neap - Spring
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Stratification can change between flood and ebb 
because of friction with bottom
(tidal straining)

one spot measurement?
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Lateral effects from friction

Why?

See animation at
http://getm.eu/index.php?option=com_content&task=view&id=111&Itemid=42
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Ocean >< Land

Tough to see with 
conventional hydrography
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http://www.po.gso.uri.edu/~codiga/foster/estuarine.htm

CORIOLIS EFFECTS
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James River estuary, note salinity differences in horizontal > those in vertical
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Salt-plug circulation in estuarine side arms

A salinity section along the axis of Baltimore Harbour,
a sub-estuary of Chesapeake Bay

Harbor

http://www.es.flinders.edu.au/~mattom/ShelfCoast/chapter13.html

reinsert dam, mix one side, and pull the dam
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Mixing leads 
to Dispersion

Implications: Concentration (toxicity) of contaminants,
food web structure, etc.

LONGITUDINAL

CROSS-CHANNEL

23Wednesday, May 11, 2011



In wider estuaries, wind can drive circulation

LIS

http://pubs.usgs.gov/of/1998/of98-502/chapt6/physprop.htm
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Inverse Estuaries

evaporation

lagoonal circulation
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Residence time = amount/input = amount/output

Steady State
Averaged property
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BOX MODEL APPROACH
But, residence time of what?

If total water, use total Fin or Fout, but if RW...

UNITS
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Flushing time of river water
(= replacement time of river water in estuary)

Terminological confusion in literature

Why care?

28Wednesday, May 11, 2011



What if some of the estuarine water expelled during an ebb returns 
on the next flood?

We deal with this issue via “exchange” or “return” coefficients:
These terms adjust “exposure time” within estuary for these returns.
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These principles can be applied to geographical 
segments as well as water fractions

What would be implication for the return coefficient?
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Nonsteady state complications
River flow often varies on time scale of 

flushing time, as do exchange coefficients and 
other factors affecting salinity (FW fraction)
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SUMMARY

What pushes water?
Elevation (river input, tides)
Density changes
Wind
Earth’s rotation

What resists the pushing?
Water friction (viscosity)
Wall friction (bottom, sides)
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